Purpose -Conservation agriculture-based wheat production system (CAW) can serve as an ex ante measure to minimize loss due to climate risks, especially the extreme rainfall during the wheat production season in India. This study aims to examine whether farmers learn from their past experiences of exposure to climate extremes and use the knowledge to better adapt to future climate extremes.
Introduction
Wheat (Triticum aestivum L.) is the most important cereal crop in India and is grown in about 29 million ha (Majumdar et al., 2013) . It is a staple food, supplying about 61 per cent of India's protein requirement and its assured supply is essential for national food and nutrition security. Analysis of trends in wheat production shows that yields have stagnated, as the beginning of the twenty-first-century with various possible causes including climate change and climate variability (Saharawat et al., 2010; Majumdar et al., 2013; Jat et al., 2016) . Therefore, to cope with increasing climate risk, wheat production systems need to be more robust and resilient to buffer the effects of extreme climate events Sapkota et al., 2015; Jat et al., 2016; Aryal et al., 2018a; Sapkota et al., 2018; Aryal et al., 2019) .
Conservation agriculture-based wheat production system (CAW), based on the principle of minimum soil disturbance, continuous ground cover and appropriate crop rotation, provides an alternative to the conventional system to enhance the resilience of agriculture to climate variability through better adaptation to climate change (Aryal et al., 2016) , reduce GHG emissions Sapkota et al., 2015; Kakraliya et al., 2018) and reduced air pollution through the elimination of residue burning (NAAS, 2017; Tallis et al., 2017) . A recent study (Aryal et al., 2016) in Haryana, India showed that CAW better copes with climatic extremes than the conventional tillage-based wheat production system (CTW). The study found that wheat yield during the bad year (defined in terms of untimely excess rainfall during grain development) was 4.89 Mg ha À1 under CAW while it was only 4.23 Mg ha À1 under CTW.
As the knowledge gained from past experience to extreme climate events are critical to design and implement climate risk adaptation plans (Parry et al., 2007; Wise et al., 2014) , one crucial question is whether farmers in Haryana adapted their wheat production system and adopted CAW based on their experience of climate extreme events during 2015 wheat season. This is because learnings derived from their own experience (i.e. learning by doing) and from neighboring farmers (i.e. noticing/communicating/social networks) is one of the important determinants of technology adoption (Cameron, 1999; Bandiera and Rasul, 2006; Crane-Droesch, 2018) . Empirical research confirms that farm households learn from the choices made by other farmers and do the same (Besley and Case, 1994; Foster and Rosenzweig, 1995; Munshi, 2004) . Therefore, it is important to understand whether farmers IJCCSM who experienced that CAW performed better under climate extremes during the 2015 wheat season, learned from their experience and increased the land area dedicated to CAW the following year. Although a technically viable ex ante climate risks reduction and coping strategy in agriculture, the use of CAW instead of CTW by farmers for this purpose is unknown. Understanding whether farmers gradually learn from past climate extreme events and adopt ex ante risk reduction measures provides with vital insights into farmer behaviour in relation to climate change adaptation.
Another important issue is that unlike other new technologies, CAW has economic benefits and a shorter gestation period (i.e. the time gap between initial investment and return). This is because the machinery needed for CAW [i.e. Turbo happy seeder (THS)] is readily available on rent and does not require large up-front investment.
Against this background, using three years panel data from 184 farm households in Haryana, India, together with focus groups discussions with farmers and interviews with key informants, this study seeks to address the following questions: Do farmers learn from past experience (for farmers who continued CAW adoption over a period of three years) and from their neighbors (for those who were nonadopters until 2014-2015 wheat season and adopted in 2015-2016 after observing that their neighbors benefited by CAW in both bad and normal year)?
If not, why are farmers cautious about expanding the area under CAW even though it copes better with untimely excess rainfall and has a higher economic benefit compared to CTW? and What are the potential implications for future design of climate change adaptation in agriculture? This paper presents an empirical analysis of climate-adaptive decision-making by farm households using real-world situations.
2. Extreme climate events in wheat season, loss of crop yield and public burden Climatic variability, especially rainfall variability (i.e. both drought and excess rainfall) and end-of-season high temperatures severely impact wheat production in India. Many studies have demonstrated negative effects of high temperature during wheat maturity period, i.e. "terminal heat" in India (Jat et al., 2009; Lobell et al., 2012; Tashiro and Wardlaw, 1989; Samra and Singh, 2004; Gupta et al., 2010) . Early planting can help wheat escape terminal heat but increases the probability of loss due to high rainfall during the harvesting stage. Winter rains are largely unpredictable and rainfall immediately after irrigation is the most detrimental as it results in prolonged waterlogging leading to a yellowing of leaves and stunted growth of wheat. Waterlogging during the grain-filling stage also causes blackening of the wheat ear-head and loss of grain fill (Aryal et al., 2016) . Even if grain filling occurs, it will lead to substantial yield loss due to shriveled and light-weighted grains. Rainfall during maturity can increase the moisture content of the grains, making them unsuitable to sell directly from the field. Analysis of long-term rainfall data from the study sites reveals that critical stage of wheat maturity received intensive rainfall in 10 out of 34 years (Figure 1 ).
Conservation agriculture (CA) has been advocated as one of the solutions to address higher temperature stress in wheat production by advancing wheat planting dates, by conserving soil moisture through reduced run-off and evaporative losses and by changing the thermal properties of the soil surface . CA not only conserves moisture during drought conditions but also enhances infiltration and percolation of water Climate extremes in Haryana in the event of excess rainfall. Retention of residue in CA also controls soil erosion, which otherwise would occur in the event of an intense downpour.
Study area and data
In this study, authors used the panel data collected from 184 wheat farmers of Karnal district, Haryana for three consecutive wheat seasons of 2013-2014, 2014-2015 and 2015-2016 . Data were collected from 10 village clusters (scattered over 15 villages) of Karnal district.
In the survey of 2014-2015, a total of 208 (50 per cent each from CAW adopter and noadopter) farmers were surveyed. Same farmers were also surveyed in the 2015-2016 season. However, as 24 farmers had changed location, the sample size for the current study was reduced from 208 to 184. The data encompasses the information on major household characteristics, market and location characteristics, areas under CAW and CTW, production inputs, crop management, and grain yield under these two alternative wheat production systems. Authors have data for three consecutive years.
Haryana is selected as the study area for the following reasons. Firstly, it suffered from untimely excess rainfall in the year 2014-2015 during the wheat production season, which damaged the wheat crop over 0.5 million ha in the state (Government of Haryana, 2015) . As a compensation to the farmers suffering from crop loss, Haryana Government spent about Rs. 11bn[1] (i.e. US$174.72mn) in 2015 (Government of Haryana, 2015) . Therefore, any alternative wheat production system that reduces the wheat crop damage due to such climatic risks can significantly reduce the farmers' loss and also the economic burden of the government. Secondly, in Haryana, many farmers follow CAW and in the focus group discussion (FGD) in 2014-2015 (Aryal et al., 2016) , farmers reported that CAW suffered less from untimely excess rainfall as compared with CTW. Thirdly and most importantly, a study in Haryana by Aryal et al. (2016) compared wheat yield in both bad and good years and concluded that CAW performed better than CTW in both years. Therefore, it is important to understand if this knowledge was well communicated among the farmers and if farmers considered CAW as an ex ante adaptation measure to extreme rainfall during the wheat production season in Haryana. 
Analytical framework and estimation issues
This study uses both quantitative and qualitative methods for the analyses of the data and indepth understanding of CAW adoption from learning. Using mixed methodseconometrics methods to rigorously analyse the CAW learning data and FGD to probe deeper to understand farmers' views and experience about CAW managed to bring forth issues, which otherwise would be overlooked. The main focus was whether farmers learn from past experiences, and also from their social networks (Bandiera and Rasul, 2006; Hanna et al., 2014; Crane-Droesch, 2018) and the importance of learning in the adoption process (Cameron, 1999) .
Quantitative methods
This study applies two robust econometric methods for quantitative analysis. It used a multinomial logit model to analyse the farmers' adoption of CAW as an ex ante climate risk mitigating strategies based on their learning and a censored Tobit model to analyse the driver of the intensity of adoption of CAW as an ex ante climate risk mitigation strategy. (For details on multinomial logit and censored Tobit models, see Greene, 2003 and Wooldridge, 2010) .
Qualitative methods
This study uses micro-interlocutor analysis (MIA) for analysing information obtained from FGD organized in Shambli village of Karnal district (Haryana). In MIA, information from the FGD is analysed by delineating participants who respond to each question, the order of responses and the nature of responses (e.g. focussed and unfocussed) and also the nonverbal communication used by each of the FGD participants (Sovacool et al., 2017; Onwuegbuzie et al., 2009) . Using this method, the current study better conceptualizes the role of conversation analysis in analysing data collected from FGD.
The FGD concentrated on the two types of questions, i.e. general questions related to farmers knowledge and perception on climate change in agriculture, and more focussed questions on CAW and its adoption as an ex ante risk coping measure. The general questions on farmers' knowledge and perception are as follows:
Is climate change a major problem in agriculture? Do you believe that some agricultural interventions can reduce the impacts of climate change on agriculture?
The questions on CAW and its adoption as an ex ante climate risk coping measure are: Do farmers know that some practices help adapt to climate extremes, and thus, can be used as an ex ante climate risk coping strategies? Does CAW better cope with extreme rainfall during the wheat harvesting period? Is CAW cost-effective and more productive compared to CTW? Have you used CAW? What are the major reasons for adoption or non-adoption of CAW?
Through FGD targeted at CAW, authors managed to gather extremely useful information from the participants, which are usually missed by pure quantitative methods.
Results and analysis
5.1 Descriptive statistics 5.1.1 Description of the variable used in the study. Table I presents the summary statistics of the variables used in the study. The average age of household heads is 41 years for both Climate extremes in Haryana adopters and non-adopters of CAW, which indicates that most of the farmers were middle years of age. Result also shows that a large majority of the household (approximately 95 per cent) were literate and further segregation of the education level of the household head shows that 44 per cent of the household head had completed higher secondary level of education (i.e. Grade 12) and 25 per cent had completed secondary level (Grade 10), and 28 
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Notes: a Values in the table refer to percentages unless stated; and of the total sample households, only 21 households have more than 10 ha of land. If we omit those households, the average land ownership is 3.83 ha with a standard deviation of 2.66 ha. Only seven households have more than 20 ha of land; THS = Turbo Happy Seeder IJCCSM per cent had completed primary level of schooling. The education level of the household head plays a critical role in the adoption of technology as it increases the level of awareness and has implication of adopting agricultural technology. The average land holding size of the sampled households was 6.56 ha; the adopter farm household had 6.6 ha compared to only 4.8 ha for non-adopters of CAW. The majority of the sample households owned tractors (approximately 76 per cent), which indicates that a significant proportion of the sampled households have pursued some form of farm mechanization. In the study area, about 14 per cent of the farm households owned zero-till (ZT) drill machine. Among CAW adopters, only five have their own THS, capable of seeding over previous crop residues. Therefore, most of the farmer rent machines required for CAW. Membership in cooperatives is essential for knowledge sharing and also for working together with a common interest and the results show that only 36 per cent of the sampled farm households affiliated with cooperatives, suggesting that it is crucial to increase membership in cooperatives. About 15.7 per cent of the farm household had received training on CA management, and of the total adopters, approximately 30 per cent of households have taken some kind of training in CA. Use of weather information is vital for farm households, but the data shows that in the study area only 52 per cent of the households used the weather data. The analysis also shows that about 14 per cent of the households did not have access to agricultural credit, 66 per cent lacked knowledge of CAW, and 72 per cent lacked access to THS machines. In total, 59 per cent of the total sample households perceive that CAW helps in coping with climate extreme whilst the analysis on the accessibility shows that the area under study is well connected; the average distance to the market, extension service, agricultural cooperatives and ZT service provider 4.86, 6.68, 2.06 and 4.38 km.
5.1.2 Wheat yield under conservation agriculture-based wheat production system and conventional tillage-based wheat production system. Table II provides information on the yield difference between CAW and CTW over three seasons. It is noteworthy that the wheat yield is significantly higher under CAW as compared to CTW in both normal and bad years. Wheat yield under CAW was higher by 0.41 Mg ha À1 in 2013-2014 (normal year), 0.66 Mg ha À1 in 2014-2015 (bad year) and 0.33 Mg ha À1 in 2015-2016 (normal year) all significant at 1 per cent level of significance. The result also shows that the yield is higher and significant at 1 per cent in normal compared to the bad year for both CAW and CTW practicing farm households; however, the difference in the wheat yield between normal and bad years is higher for CTW compared with CAW, which indicates the compared to CTW, CAW does better in reducing the yield shock in the bad year. This is consistent with the findings of Aryal et al. (2016) , and thus, provides a strong basis to examine why farmers are not shifting from CTW to CAW. The shifting from CTW to CAW is the consequence of the outperformance of CAW over CTW in terms of wheat yields over considered years. 5.1.3 Trend of land operated and allocated to conservation agriculture-based wheat production system. The share of total operated land allocated to CAW has substantially increased over a period of three years (Table III) , indicating that many farmers have learned from their own experience and neighbors experience and have adopted CAW as an ex ante climate risk coping measure. Most importantly, a sharp increase in the percentage of the total operated land allocated to CAW among its adopters was observed in the year 2015-2016 compared to the year 2014-2015. The average proportion of land allocated to CAW was 19.84 per cent in 2013-2014, 28.93 per cent in 2014-2015 and it was 69.29 per cent in 2015-2016. From this analysis, it can be inferred that CAW was increasingly recognized as an important practice to minimize the loss due to climate risk.
Climate extremes in Haryana
Wheat production system (Cameron, 1999) . Table III presents the distribution of farmers by their learning status. Approximately, 34 per cent of the farm households did not learn from the past experience, 42 per cent learned from their own experience and 24 per cent learned from the neighbouring farmers experiences, which shows that the largest proportion (65 per cent) of the farmers learned about the climate extremes either from their own experience or the experience of the neighbouring farmers.
5.2 Econometrics analysis and result 5.2.1 Analysis of farmer learning from past experience to climate change adaptation in agriculture. 
IJCCSM
The results show that the effect of age is negative and significant at 1 per cent level for learning from neighbours, indicating that the older farmers are less likely to learn about adaptation to climate change from neighbours. In the Model B, the result shows that the coefficient of the young farmer is positive and significant for both learnings from own experience and learning from neighbours, indicating that young farmers are more likely to learn about climate change adaptation. Education enables individuals to learn quickly. The result shows that the household whose head has completed secondary and higher secondary and above are more likely to learn about climate change adaptation from their own experience and from neighbour in both Models A and B compared to a household headed by an illiterate farmer. The coefficient of the training dummy is positive and significant for learning from own experience in both Models A and B indicating that the household, which receives some kind of training in conservation agriculture has a higher probability of learning about climate change from their own experience. Lack of knowledge dummy is negatively associated with learning from experience and learning from neighbours in both Models A and B, which indicates the importance of information and knowledge in technology adoption. Similarly, other studies have also found that the lack of knowledge and insufficient information are causes of low adoption of CA by smallholder farmers in Southern Africa (Holden and Lunduka, 2014; Holden and Quiggin, 2017) . The coefficient of the dummy membership in cooperatives is positive and significant at 1 per cent level of significance for learning from own experience and learning from the neighbour about climate change adaptation for both Models A and B. The land area (ha) owned by the farm household is positive and significant (at 1 per cent level of significance) for learning from own experience and neighbour experience about climate change adaptation signifying that land holding of the household plays a critical role in learning about climate change adaptation. Land is the primary asset of the farm household, which influences their livelihood and income; therefore, those household with larger land assets are keen to learn and adopt any technology, which influences the farm productivity. Studies have shown that poor farmers tend to be risk-averse and that this constrains their uptake of new technologies (Dercon and Christiaensen, 2011; Karlan et al., 2014) . Though the tractor is also a key asset, it turned out to be insignificant in determining the learning outcome for the adoption of climate change adaptation.
All variables for access to facilities and infrastructure turned out to be insignificant except distance to ZT service provider. The distance to ZT service provider was negative and significant at 1 per cent level of significance for learning from own experience and learning from neighbours' experience for both Models A and B, signifying that farther the ZT service provider is, the less likely that the farmer will learn about climate change adaptation.
Perception of CAW is a critical determinant of farmers' learning about climate change adaptation. The results show that the farmers who perceive that CAW helps in combating climate change are most likely to learn both from their own experience and from the experience of their neighbour. The interaction between dummy young farmer and training is positive and highly significant, indicating that the young farmers who receive training are most likely to learn from their own experience and from the neighbour. 5.2.2 Analysis of intensity of learning from experience. In the current study, the intensity of learning is measured by the proportion of total operated land under CAW (i.e. land under CAW/total land). As many farmers have applied CAW on a part of their total operated land, the dependent variable ranging from 0 to 1 (0 if the farmer does not practice CAW and 1 if the farmer applied CAW on their entire operated land). For such data structure, standard censored Tobit model is used to assess the determinants of its intensity. The result of the Climate extremes in Haryana pooled Tobit model is provided in Table IV (right panel) . To test the robustness of the result, the authors estimated three Tobit models. In Model A, authors used the age of the household, and in Model B, authors replaced it with the young farmer and the interaction term (young farmer and training), and in Model C, authors used only the interaction of young farmer and training. The findings show that farmer's intensity of learning from experience to cope with climate change is negatively associated with age, i.e. older farmers are less likely to learn from experience. The coefficient of the young farmer in Model B is positive and significant at 1 per cent, which similarly indicates that young farmer are more likely to learn from the experience. Education of the household head appears to influence the intensity of learning from experience. The coefficient of the secondary and higher secondary and above is positive and significant at 1 per cent, which means that intensity of learning is higher for those households with a secondary and higher secondary and above level of education compared to illiterate. As envisaged, the training on CA technology is also positive and significant at 1 per cent level of significance; therefore it can be concluded that training plays a vital role in influencing farmers to increase the intensity of learning about CA technology. Lack of knowledge turns out to be a major constraint in the intensity of learning about the climate change coping mechanism. The coefficient of the lack of knowledge is positive and significant at 1 per cent level of significance. The membership dummy is insignificant in influencing the intensity of learning.
As the land is a primary asset of the farmers, the study found that the landholding critically influences the farmer learning about the mechanism to cope with climate change. The result shows that the intensity of learning for farm household increases with the increase in the land asset. However, tractor ownership is not a significant driver of learning about climate change adaptations.
Amongst all factors related to access to facilities and infrastructures, only distance to ZT service centre turns out to be significant drivers of the intensity of learning about adaptation to climate change. The coefficient of the distance to ZT service centre is negative and significant at 1 per cent level of significance highlighting that the closer a household is to the ZT service provider the more probable that the intensity of learning increases. The perception of CAW is a critical determinant of the intensity of learning to cope with climate change. The farmers who perceive that CAW helps in coping with climate change are more likely to learn compared to those who do not believe that CAW helps in coping against climate change risk. The coefficient of the perception on CAW is positive and significant at 1 per cent level of significance in all three Models A, B and C. The interaction terms of young farmer and training is positive and significant at 1 per cent level of significance, highlighting that the intensity of learning is higher for young farmers who have received training on CA technology.
Results of the focus group discussion with farmers and key informants survey
About 57 per cent of the total participants in the FGD consider that CAW can better cope with extreme rainfall during the wheat season, and they consider the primary reason behind this is the better root system. However, they reported the need for better management of CAW as it requires proper timing of weed management. This is where the significant knowledge gap exists and the major reason why some of the participants do not agree with the agronomists working in their area.
Nearly 23 per cent of the participants are not convinced that CAW really serves as a climate risk mitigation measure and also doubt the economic benefits. They were of the IJCCSM opinion that several factors affect the yield and found it hard to believe that CAW alone was the reason behind the lower losses observed in a bad year, i.e. 2014-2015. Farmers reported that the majority of the extension workers' recommendations are based on high-input intensive agriculture, and such practices are not suitable for CA-based systems. According to them, farmers/local cooperatives/local custom hiring service providers who work with external agricultural projects are more informative than the government extension service providers. As a result, farmer-to-farmer communication is the dominant method to transfer the knowledge on CAW, which suggests the need for better training of extension staff on CAW.
Young farmers are more enthusiastic about CAW and also about the mechanization of agriculture. However, they are worried about declining farm size, which may reduce the benefits of CAW. Authors also discussed why young farmers are more inclined towards CAW as compared to relatively older ones. Some old farmers replied that "today's youth are better than us in using modern communication technology, such as mobile apps and internet". They added that "young farmers can access new information easily, which is beyond our capacity. This is mainly because of increasing technological innovations over time".
Overall, there is a positive response to CAW. Nevertheless, there is a need for closer integration between agricultural scientists, farmers, and government and private extension service providers to reduce the knowledge gap on CAW and to improve local knowledge. The major problems highlighted by the farmers are as follows:
Farmers' knowledge gap: CAW is knowledge-intensive and requires the operation of modern machinery. There is a regular improvement in available machines for zero tillage. For example, the original ZT drill machine could not seed wheat in the presence of rice straw on the field, but the THS can perform this task. Changing from one type of machine to another requires a flow of information. This also requires new knowledge to operate the machine together with its proper calibration. Farmers' also focussed on the need for a replacement facility for old ZT drill machines when a new improved version is available on the market. Almost 25 per cent of the participants were not convinced that CAW performed better than the conventional practice and insisted that the weed problem was challenging to address in CAW. This aspect of CAW warrants further research and development. Narrow window for farmers and service providers for operating THS: The time gap between paddy harvesting and planting of wheat in North-West India is 7-10 and 15-20 days in fields planted with basmati/scented and coarse rice, respectively. If farmers cannot access the THS on time for seeding, the field loses soil moisture resulting in low germination of wheat, eventually causing a yield penalty. Attitude: For several years, farmers have been using clean cultivation. As the field sown with THS looks untidy during the first 45 days of crop growth, many farmers do not like it and so can be reluctant to change; a change in mindset is therefore needed.
Weed management: Existing combine harvesters used for harvesting rice are not equipped with a straw management system (SMS), and thus, it leaves behind the loose residue in a swath. Due to the unavailability of labour on time, the manual spreading of loose residues before using THS is delayed. Because of this, in few cases (depending on management history of the fields), weeds emerge before wheat seeding and are covered by the residues, thereby escaping the herbicides droplets/ drifts. In such cases, application of herbicides may not match with the crop stage, and weed control becomes difficult.
Germination problem due to soil compaction caused by machinery: Most of the farmers use the combine harvester for rice harvesting, and because of the heavy weight of the combine harvester, it causes soil compaction below the rear wheels, which farmers report cause poor germination and emergence of wheat. It is also not possible with the THS to seed wheat on an uneven soil surface. This requires better understanding and planning in the use of the combine harvester so that operations are timed for when soil moisture conditions are optimal.
Discussion and policy implications
The findings of this study have important policy implications. Given that the majority of farmers believe that CAW contributes to climate change adaptation, removing barriers to adoption can help enhance farmers' income with and without climatic extremes. Hence, identifying and strengthening existing institutions rather than creating new ones is required to enhance the adoption of CAW. Despite some barriers to adopt CAW, the knowledge on CAW is spreading among farmers, primarily through farmer-to-farmer communications and farmers meeting in the local farmer clubs. Based on the findings, the authors suggest the following to promote CAW: Facilitate farmer-to-farmer communication: Facilitating farmer-to-farmer communication are crucial components in improving farmers' knowledge on CAW and its uptake. These findings corroborate other findings (Aryal et al., 2018c (Aryal et al., , 2018a (Aryal et al., , 2018b Fisher et al., 2018) , which reported that farmer-to-farmer communication plays a major role in the adoption of climate-smart agricultural practices. Therefore, policy should focus on the importance of learning in technology diffusion and provide support to educational/training facilities related to CAW rather than merely focussing on input subsidy. Effective communication increases farmers' capacity to adapt to extreme climate events and minimizes the financial burden of the government in terms of compensatory payments, which could otherwise be used for nutrition/food security. Improve custom hiring services of CAW machineries: Insufficient custom hiring of THS is one of the major constraints to farmer adoption of CAW in the study area.
Although the Government of India has introduced a scheme of about Rs. 11.5bn to incentivize in situ management of crop residues through subsidies that mainly target the THS and the SMS (Government of India, 2018), a broader policy to enhance the capacity to manufacture the required number of machines at the local level is essential. In 2014-2015, the number of THS was only 600, while about 5800 THS are required to cultivate 0.35 m ha of agricultural land in Haryana state alone (Lohan et al., 2018) .
Revise crop loss compensation policy: In the climate extreme event of the 2014-2015 wheat season, the Government of Haryana compensated only those farmers whose crop yield loss was more than 30 per cent. This acted as a disincentive for farmers using CAW as their losses were less than those using conventional practices. Therefore, the compensation policy should also consider wheat production practices and not just a measure of losses. Private sector involvement: Engaging the private sector and the business community is essential for the rapid expansion of this innovative technology. Local government bodies help create a favourable environment to actively engage multiple private actors including farmers, civil society members and businesses by creating governance networks and conducive policies (Mees, 2017; Sovacool et al., 2017; Tallis et al., 2017) .
Conclusion and way forward
CAW, which has been adopted by the farmers primarily to reduce production costs, is now being adopted as a climate risk coping measure. The findings show that farmers learn climate change adaptation through their own experience and through the experiences of their neighbours. Several factors determine these learnings and their use for climate risk adaptation. Farmer learning and uptake of new technology is not only related to the characteristic of technology but also how well the technology fits the farming system and its impact on farmers' livelihood. Even though the technology has no investment risks, other factors related to the technology and farmers can largely influence its uptake. Learning/communication was found to be the most crucial factor for CAW adoption. Therefore, providing support to agricultural education programmes for farmers rather than focussing solely on input subsidies and credit should be a major target for policy. A transformational change in agriculture is possible through better institutional support and improved service provision for CAW-based technologies. Climate change adaptation in agriculture, therefore, needs to focus on various other issues related to farm household and market characteristics, along with technology development. Designing an appropriate strategy to communicate scientific evidence to farmers, reshaping compensation policies and strengthening local extension institutions are essential.
At the local level, farmer-to-farmer communication was found to be a critical factor in promoting technology adoption (i.e. in the current study, learning from past experiences to cope with climate extremes). Targeting young farmers and training them to be lead farmers for new agricultural technology dissemination can substantially enhance CAW adoption.
Climate change adaptation in agriculture through technology adoption is a crucial topic and has multiple dimensions. Therefore, future research at multiple locations is necessary to address the issues further at a broader scale and to generalize its impacts in different states of India. 
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